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S U M M A R Y 
T h i s s t u d y e x a m i n e s t h e h y p o t h e s i s t h a t t h e p h y s i o l o g i c a l e f f o r t 
e x e r t e d b y a s u b j e c t , a s m e a s u r e d b y h i s m u s c u l a r t e n s i o n , d e p e n d s o n h i s 
a n t i c i p a t e d e f f o r t . F u r t h e r m o r e , i t e x a m i n e d t h e h y p o t h e s i s t h a t t h e 
s l o p e o f t h e r e g r e s s i o n l i n e r e l a t i n g t h e m u s c l e t e n s i o n t o t h e w e i g h t 
s u p p o r t e d b y t h e s u b j e c t w o u l d r e m a i n c o n s t a n t f r o m d a y t o d a y . T h e 
m u s c l e a c t i o n p o t e n t i a l w a s u s e d a s a d e p e n d e n t m e a s u r e o f t h e m u s c l e 
t e n s i o n . 
T h e e x p e r i m e n t w a s r e s t r i c t e d t o t y p i c a l l a b o r a t o r y s i m u l a t i o n o f 
w o r k , w i t h f o u r m a l e c o l l e g e s t u d e n t s a s s u b j e c t s . T h e s t a t i c w o r k t a s k 
w a s t h e h o l d i n g o f w e i g h t s v a r y i n g f r o m 1 5 0 0 g r a m s t o i | 1 0 0 g r a m s . F i v e 
s e p a r a t e t a s k s , o f a t l e a s t 1 6 t r i a l s , w e r e p e r f o r m e d o n e a c h o f t h e f o u r 
s u b j e c t s . I n a l l t r i a l s , a s c r e e n w a s p l a c e d b e t w e e n t h e s u b j e c t a n d t h e 
t a s k - w e i g h t . A v i s u a l d i s p l a y c a r d w a s u s e d t o i n f o r m t h e s u b j e c t o f t h e 
v a l u e o f t h e w e i g h t . 
F o r t w o o f t h e t a s k s , t h e m u s c l e a c t i o n p o t e n t i a l w a s p l o t t e d a s 
a f u n c t i o n o f t h e w e i g h t s u p p o r t e d b y t h e s u b j e c t . T h e s l o p e s f r o m t h e 
t w o r e g r e s s i o n l i n e s w e r e s t a t i s t i c a l l y t e s t e d w i t h t h e 9tn t e s t t o d e ­
t e r m i n e i f t h e y w e r e e q u a l . O n t h e b a s i s o f t h i s t e s t , i t w a s c o n c l u d e d 
t h a t t h e s l o p e o f t h e r e g r e s s i o n l i n e m a y c h a n g e f r o m d a y t o d a y . 
I n t h e r e m a i n i n g t h r e e t a s k s , t h e s u b j e c t w a s l e d t o b e l i e v e t h a t 
h e w o u l d s u p p o r t t h e s a m e w e i g h t f o r a l l s i x t e e n t r i a l s . H o w e v e r , o n 
e i g h t o f t h e s i x t e e n t r i a l s , a w e i g h t f i v e p e r c e n t l e s s t h a n t h a t w h i c h 
t h e s u b j e c t e x p e c t e d w a s p r e s e n t e d . F r o m t h e d a t a t h u s o b t a i n e d t h e m e a n 
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m u s c l e a c t i o n p o t e n t i a l f o r t h e f a l s e w e i g h t was t e s t e d s t a t i s t i c a l l y 
w i t h a , T t ° t e s t t o d e t e r m i n e i f i t was e q u a l t o t h e mean m u s c l e a c t i o n 
p o t e n t i a l f o r t h e t r u e w e i g h t . The r e s u l t wou ld i n d i c a t e t h a t t h e y 
were e q u a l , i . e . , t h e p h y s i o l o g i c a l e f f o r t e x e r t e d b y t h e s u b j e c t depends 
upon h i s a n t i c i p a t e d e f f o r t . However , when t h e d a t a f o r t h i s t e s t were 
a n a l y z e d b y means o f an O p e r a t i n g C h a r a c t e r i s t i c C u r v e , i t was f ound t h a t 
t h e number o f o b s e r v a t i o n s was i n s u f f i c i e n t t o f i n d a d i f f e r e n c e e v e n i f 
i t d i d e x i s t . H e n c e , no v a l i d c o n c l u s i o n c o u l d be drawn abou t t h e h y ­
p o t h e s i s O 
CHAPTER I 
INTRODUCTION 
The advancement o f man h a s b e e n g r e a t l y i n f l u e n c e d b y h i s u n d e r ­
s t a n d i n g and u t i l i z a t i o n o f e n e r g y . H i s n a t u r a l c u r i o s i t y h a s l e d him 
i n t o t h e s t u d y o f a l m o s t e v e r y form o f e n e r g y . Y e t c o m p a r a t i v e l y l i t t l e 
i n f o r m a t i o n h a s b e e n r e c o r d e d a b o u t one o f t h e mos t w i d e l y u s e d forms o f 
e n e r g y , human e n e r g y . 
The b a s i c c h e m i c a l and m e c h a n i c a l p r o c e s s e s i n v o l v e d i n t h e r e l e a s e 
o f e n e r g y from t h e w o r k i n g m u s c l e a r e f a i r l y w e l l u n d e r s t o o d . However , 
t h e c a p a c i t y o f a p e r s o n t o e x e r t a v o l u n t a r y f o r c e may be i n f l u e n c e d by 
p s y c h o l o g i c a l f a c t o r s a s w e l l a s p h y s i o l o g i c a l f a c t o r s . T h u s , an e f f e c ­
t i v e s t u d y o f a w o r k i n g m u s c l e s h o u l d c o n s i d e r b o t h o f t h e s e f a c t o r s . 
The f i r s t p rob lem i n a s t u d y o f t h i s k i n d i s s e l e c t i n g t h e method 
o f m e a s u r i n g t h e p h y s i o l o g i c a l c o s t o f t h e w o r k . 
An e a r l y a t t e m p t a t a s o l u t i o n o f t h i s p r o b l e m was t h e u t i l i z a t i o n 
o f t h e D o u g l a s B a g , a d e v i c e w h i c h m e a s u r e s t h e o x y g e n consumed by a man 
a s he w o r k s . W i t h t h e a r r i v a l o f more a c c u r a t e m e a s u r i n g t e c h n i q u e s , 
e , g , , e l e c t r o n i c e q u i p m e n t , b e t t e r l a b o r a t o r y p r o c e d u r e s w h i c h p e r m i t t e d 
measurement o f t h e p h y s i o l o g i c a l changes o f the body d u r i n g work were 
d e v i s e d . Fo r e x a m p l e , c h a n g e s i n h e a r t r a t e , b l o o d p r e s s u r e , body tem­
p e r a t u r e , s k i n r e s i s t a n c e ( G S R ) , and m u s c l e t e n s i o n h a v e a l l b e e n u s e d 
a s i n d i c e s o f work* None o f t h e s e t e c h n i q u e s i s a d e q u a t e i n e v e r y c a s e , 
" P h y s i o l o g i c a l c o s t " i s d e f i n e d as t h e d e c r e a s e i n human e n e r g y . 
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however, and the i r use should depend upon the s p e c i f i c circumstances en­
countered by the experimenter. 
The second problem encountered by s c i e n t i s t s in t h i s f i e l d i s the 
influence of the subjects 1 a t t i tude and motivation on h i s work perform­
ance. For example, Poffenberger (9) has demonstrated in two laboratory 
experiments that the subject ive judgment of a subject can influence h i s 
a b i l i t y to perform a task. The f i r s t of these i s the wel l known s i z e -
weight i l l u s i o n , whereby a subject l i f t s , one at a t ime, two objec t s 
s imi lar in a l l physical respects except s i z e . A s i g n i f i c a n t number of 
subjects w i l l judge the smaller of the two to be heavier , even though 
they weigh the same. In t h i s experiment, the subject had involuntar i ly 
adjusted h i s physical e f for t to the ant ic ipated task demand. 
Poffenberger 1 s second experiment involved the use of a dynamometer. 
When a subject was to ld to squeeze a hand-grip dynamometer with as much 
force as p o s s i b l e , he could apply a force of 68 kilograms. However, when 
the subject was to ld to repeat the task t imes, he could apply only $2 
kilograms of force . Again, the subject had involuntar i ly adjusted h i s 
physical e f f o r t t o t h e e x p e c t e d task requirements. The e f f e c t of mental 
influence on the phys io log ica l e f f o r t i s the bas ic problem studied in 
t h i s t h e s i s . 
The primary hypothesis to be t e s t e d in t h i s study can be s ta ted 
as fo l lows: The phys io log ica l e f f o r t exerted by a subject , as measured 
by h i s muscular t ens ion , depends upon h i s ant ic ipated e f f o r t . The muscle 
act ion potent ia l w i l l be used as a dependent measure of the muscle t ens ion . 
The muscle act ion potent ia l i s known to be a function of the force 
exerted by the muscle, hence the regress ion l i n e re la t ing these two quan-
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t i t i e s c a n b e o b t a i n e d b y e x p e r i m e n t a l p r o c e d u r e s . F r o m t h e w o r k d o n e 
p r e v i o u s l y i n t h i s f i e l d b y o t h e r i n v e s t i g a t o r s , t h i s m u s c l e a c t i o n p o t e n ­
t i a l c u r v e i s l i n e a r f o r t h e r a n g e o f z e r o t o s i x k i l o g r a m s a n d i s e x p e c ­
t e d t o i n t e r c e p t t h e m u s c l e a c t i o n p o t e n t i a l o r d i n a t e a x i s a t t h e " r e s t 
l e v e l " p o t e n t i a l . A n y d e v i a t i o n f r o m t h i s i n t e r c e p t i n t h e a b s e n c e o f 
f a t i g u e , s h o u l d b e d u e t o e x p e r i m e n t a l e r r o r . 
I t i s o f i n t e r e s t t o t h e i n d u s t r i a l e n g i n e e r t o k n o w i f t h e s l o p e 
o f a n i n d i v i d u a l 1 s m u s c l e a c t i o n p o t e n t i a l c u r v e v a r i e s o v e r t i m e . I f 
t h e s l o p e i s c o n s t a n t , t h e n t h e f u n c t i o n r e l a t i n g f o r c e a n d t h e m u s c l e 
a c t i o n p o t e n t i a l c o u l d b e t r e a t e d a s a s t e a d y - s t a t e c o n d i t i o n . T h u s , a 
s e c o n d a r y h y p o t h e s i s t o b e t e s t e d i n t h i s t h e s i s c a n b e s t a t e d a s f o l l o w s : 
T h e s l o p e o f t h e r e g r e s s i o n l i n e r e l a t i n g m u s c l e a c t i o n p o t e n t i a l a n d t h e 
f o r c e e x e r t e d b y t h e m u s c l e d o e s n o t v a r y o v e r t i m e . 
T h i s e x p e r i m e n t w i l l b e r e s t r i c t e d t o t y p i c a l l a b o r a t o r y s i m u l a t i o n 
o f w o r k , w i t h f o u r m a l e c o l l e g e s t u d e n t s a s s u b j e c t s . T h e s t a t i c w o r k 
t a s k w i l l b e t h e h o l d i n g o f w e i g h t s v a r y i n g f r o m 1^00 g r a m s t o 1+100 g r a m s . 
C H A P T E R I I 
S U R V E Y O F L I T E R A T U R E 
A . P h y s i o l o g i c a l F a c t o r s , — T h e r e l a t i o n s h i p b e t w e e n t h e m u s c l e a c t i o n 
p o t e n t i a l d e v e l o p e d a n d t h e f o r c e e x e r t e d b y t h e m u s c l e h a s b e e n f o u n d , 
b y a n u m b e r o f i n v e s t i g a t o r s , t o b e e s s e n t i a l l y l i n e a r i n t h e r a n g e o f 
s m a l l m u s c u l a r c o n t r a c t i o n s , 
J . F . D a v i s , ( 2 ) i n a m a n u a l o n s u r f a c e e l e c t r o m y o g r a p h y , n o t e d 
t h a t i n t h e r a n g e o f v e r y s t r o n g m u s c l e c o n t r a c t i o n ( s i x k i l o g r a m s o r 
m o r e ) t h e m u s c l e a c t i o n p o t e n t i a l , a s a f u n c t i o n o f t h e p u l l o n a d y n a ­
m o m e t e r , t e n d e d t o b e m o r e e x p o n e n t i a l t h a n l i n e a r . H o w e v e r , b e l o w s i x 
k i l o g r a m s , i t a p p e a r e d t o b e l i n e a r , A f u r t h e r s t u d y w a s m a d e t o c h e c k 
t h e l i n e a r i t y w i t h v e r y s m a l l l o a d s ( z e r o t o t w o k i l o g r a m s ) . I n t h i s 
c a s e , t h e f u n c t i o n w a s l i n e a r . 
L i p p o l d ( 7 ) m e a s u r e d t h e m u s c l e a c t i o n p o t e n t i a l i n t h e c a l f m u s c l e 
o f t h e r i g h t l e g a s a f u n c t i o n o f t h e f o r c e a p p l i e d b y t h e s o l e o f t h e 
f o o t . H e c o n c l u d e d t h a t " . . . t h e r e e x i s t s a l i n e a r r e l a t i o n s h i p b e t w e e n 
t h e i n t e g r a t e d e l e c t r o m y o g r a m a n d t h e t e n s i o n p r o d u c e d b y a v o l u n t a r y 
i s o m e t r i c c o n t r a c t i o n i n t h e h u m a n m u s c l e . " 
F i n a l l y , I n m a n , e t a l . , ( £ ) c o n c l u d e d t h a t " . . . t h e i n t e g r a t e d 
e l e c t r o m y o g r a m p a r a l l e l s t e n s i o n i n h u m a n m u s c l e s c o n t r a c t i n g i s o m e t r i -
c a l l y . " 
O n e p o i n t w h i c h i s c o m m o n t o a l l s t u d i e s i n t h i s f i e l d i s t h e a m o u n t 
o f v a r i a t i o n t h a t e x i s t s b o t h b e t w e e n s u b j e c t s a n d f o r t h e s a m e s u b j e c t 
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on two d i f f e r e n t days . J . F . Davis (2) s t a t e s , " In the . . .dynamometer 
s tudy , one s u b j e c t may have produced EMG p o t e n t i a l s double or t r e b l e 
t hose of a second sub jec t fo r the same p u l l . " 
Many f a c t o r s e n t e r i n to t h i s v a r i a t i o n , a few of which have been 
s t u d i e d e x t e n s i v e l y . 
a. Age: R. C. Davis (3) s t u d i e d the r e l a t i o n s h i p between a d u l t s 
and c h i l d r e n and concluded t h a t e x c i t a t i o n of the a c t i v e member inc reases 
as a func t ion of the weight l i f t e d , bu t the l e v e l of a c t i v i t y i s always 
much g r e a t e r fo r c h i l d r e n than for a d u l t s performing the same work. 
b . Sex: J . F . Davis (2) no t e s i n h i s manual t h a t " . . . t h e female 
group average y i e l d e d a muscle a c t i o n p o t e n t i a l curve about 5>0 pe r cent 
h ighe r than the male group average i n the range of s t rong muscle p u l l s . " 
c . Remote Muscles: R. C. Davis (3) found t h a t the a c t i o n po ten­
t i a l in the p a s s i v e muscles i s inc reased as a func t ion of t he force exe r t ed 
by the a c t i v e musc les , and the l e v e l of a c t i v i t y in these muscles i s a 
func t ion of t h e d i s t a n c e they a re from the a c t i v e muscle . 
d. Other P h y s i o l o g i c a l F a c t o r s : J . F . Davis (2) p r e s e n t s a l i s t 
of f a c t o r s which in f luence the l e v e l of a c t i v i t y of a muscle . This l i s t 
i n c l u d e s : 
1 . Type of Muscle Tissue (smooth or s t r i a t e d ) 
2 . Use of Muscle ( p o s t u r a l or o therwise) 
3 . S ize of Muscle (normal , a t r o p h i c , hyper t roph ic ) 
li. Degree of Fa t igue P re sen t 
5 . Number of Muscle F i b e r s pe r Bundle 
6 . Number of Muscle Bundles 
7 . Oxygenation, Metabolism, Bloodflow 
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B« Psychological Factors .—Psychologis ts have studied the e f f e c t s of 
cer ta in psychological a c t i v i t i e s on the muscle tens ion of the indiv idual . 
Such a c t i v i t i e s as mental work ( 1 0 ) , ta lking and l i s t e n i n g ( l l ) , and com­
p e t i t i o n ( l ) may cause a measurable increase in muscle act ion po tent ia l 
in the voluntary muscles. Two psychological factors included in t h i s 
experiment, and of more immediate i n t e r e s t , are imagination and judgment. 
Jacobson (6) reports on a s e r i e s of experiments involving the 
measurement of muscle act ion potent ia l of subjects engaged in imagining. 
When the subjects imagined l i f t i n g a weight with the i r r ight arm, there 
was a measurable increase in a c t i v i t y of the muscles which would have 
been a f f ec ted by the ac t . A l l other muscles in the body remained at t h e i r 
r e s t l e v e l a c t i v i t y . On the assumption that tension i s always assoc iated 
with actual contract ion, a lever system was devised which would amplify 
any movement of the arm. Results showed that actual contract ion, on a 
microscopic s c a l e , accompanied the imagining, even though the subject had 
been to ld to remain completely re laxed. 
I f two weights are to be compared b y l i f t i n g with the same body 
member, the standard and comparison st imuli must be separated by a time 
i n t e r v a l . The re su l t of t h i s time separation i s manifested by a r e l a t i v e l y 
large number of , r heav ier n judgments, even when the comparison weight i s 
equal to or l i g h t e r than the standard weight . This i s ca l l ed the "time 
error" of comparative judgment. 
Payne and D a v i s ' ( 8 ) t e s t e d the e f f e c t of t h i s time error on the 
muscle tens ion by determining the muscle act ion po tent ia l as a function 
of the proportion of "heavier" judgments. They found that when the pro­
port ion of "heavier" judgments was greater than would be expected by 
chance, t he r a t i o of the muscle a c t i o n p o t e n t i a l developed by the compar­
i son weight to the muscle ac t i on p o t e n t i a l developed by the s t andard 
weight , t he C / S r a t i o , was g r e a t e r than 1.00. Likewise , when the propor­
t i o n of " l i g h t e r " judgments was g r e a t e r than would be expected by chance, 
the C / S r a t i o was l e s s than 1.00. 
Freeman and Sharp (U) s tud i ed the r e l a t i o n s h i p of the t ime e r r o r 
( a s measured by t he p r o p o r t i o n of "heav ie r" judgments g r e a t e r than chance) 
and of t he C / S r a t i o as a func t ion of the l eng th of time between s t i m u l i . 
They found t h a t t he time e r r o r curve and the C / S curve p a r a l l e l e d each 
o t h e r and were c y c l i c i n c h a r a c t e r . 
Thus, in bo th of the above exper iments , where the sub jec t i s forced 
to make a cho i ce , the muscle a c t i o n p o t e n t i a l i s r e l a t e d to s u b j e c t i v e 
judgment more than t o the a c t u a l mechanical f o r c e . 
CHAPTER III 
m ERE ENTAL PROCEDURE 
Five separate t a s k s , o f a t l e a s t s i x t e e n t r i a l s , were performed 
on each o f t he f o u r s u b j e c t s . The f i r s t and l a s t tasks were c o n t r o l s f o r 
d e f i n i n g the muscle a c t i o n p o t e n t i a l cu rve . The middle th ree tasks were 
t o determine the e f f e c t o f the s u b j e c t s ' a n t i c i p a t i o n o f the r e q u i r e d 
e x e r t i o n on the ou tpu t l e v e l o f the muscle t e n s i o n . The procedures f o r 
app l y ing t he e l e c t r o d e s , o b t a i n i n g the des i red a n t i c i p a t i o n o f e f f o r t on 
the p a r t o f each s u b j e c t , and ana lyz ing the myograph ou tpu t t o o b t a i n the 
muscle a c t i o n p o t e n t i a l were the same f o r a l l sub jec t s i n a l l t e s t s , and 
w i l l be d iscussed i n l a t e r s e c t i o n s . 
A. The Muscle A c t i o n P o t e n t i a l Curve.—The muscle a c t i o n p o t e n t i a l curve 
on the f i r s t and f i f t h tasks were ob ta ined by measuring the muscle a c t i o n 
p o t e n t i a l as the sub jec t suppor ted d i f f e r e n t w e i g h t s . The w e i g h t s , l i s t e d 
i n Table 1, were presented to the s u b j e c t , one a t a t i m e , i n the o rde r o f 
i n c r e a s i n g magni tude. 
Table 1 


















Used o n l y i n t ask f i v e 
: 
The muscle act ion potent ia l obtained for each subject from each 
of the above weights was p l o t t e d as a funct ion of the weight* The cor­
r e l a t i o n c o e f f i c i e n t and the l e a s t squares regress ion l i n e were ca lcu­
la ted for the re su l t ing e ight s ca t t er diagrams; i . e . , four subjects times 
two t a s k s . With t h i s information, the fol lowing re la t ionsh ips were s t a ­
t i s t i c a l l y t e s t ed : 
1 . To determine the degree of re la t ionship between the muscle 
act ion po ten t ia l and the weight supported. 
HQ: p = O, where p i s the true corre la t ion c o e f f i c i e n t . 
2. To determine the amount of experimental error. 
HQ: A » 0 , where A i s the intercept constant in the true r e ­
gress ion l i n e . 
These re la t ionsh ips permitted t e s t i n g of the secondary hypothes is , 
i . e . , the s lope of the muscle act ion potent ia l regress ion l i n e does not 
vary from day to day. 
HQ: B-j_ ~ B^, where B-j_ i s the slope of the true regress ion 
l i n e for task 1 , and B^ i s the slope of the true regress ion l i n e for task 
5. 
Fina l ly , the muscle act ion potent ia l from a l l subjects in both 
control tasks were averaged and p l o t t e d as a function of the weight sup­
ported to obtain the grand estimate of parameters for the t e s t . 
B. Effect of the Antic ipated Effort .—In a l l t r i a l s , a screen was placed 
between the subject and the task-weight . A v i sua l display card was used 
to inform the subject of h i s expected task. 
The subjects were t o l d that the purpose of the middle three tasks 
was to evaluate v a r i a b i l i t y of the muscle act ion potent ia l for three di f -
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f e r e n t l o a d s . These l o a d s we r e a t t h e 2000 gm, 3000 gm and lj.000 gm 
l e v e l , e a c h c o n s t i t u t i n g a d i f f e r e n t t a s k l e v e l . A w e i g h t was p r e s e n t e d 
t o a s u b j e c t s i x t e e n t i m e s i n t h e same t a s k o f one h o u r d u r a t i o n , and f o r 
s t a t i s t i c a l p u r p o s e s , t h e o r d e r i n wh ich t h e t h r e e w e i g h t s were p r e s e n t e d 
was r a n d o m i z e d among t a s k s . The o r d e r o f t a s k a s s i g n m e n t s f o r e a c h s u b ­
j e c t i s p r e s e n t e d i n T a b l e 2-
T a b l e 2 
O r d e r o f P r e s e n t a t i o n o f W e i g h t s 
S u b j e c t T a s k 2 T a s k 3 T a s k k 
1 2000 gm U000 gm 3000 gm 
2 2000 gm 3000 gm U000 gm 
3 U000 gm 3000 gm 2000 gm h 3000 gm 2000 gm UOOO gm 
On e i g h t o f t h e s i x t e e n t r i a l s , a w e i g h t f i v e p e r c e n t l e s s t h a n 
t h a t w h i c h t h e s u b j e c t e x p e c t e d was p r e s e n t e d . T h i s d e c e p t i o n was t o 
p r o v i d e an o p p o r t u n i t y f o r t h e s u b j e c t t o f a l s e l y a n t i c i p a t e t h e n e c e s ­
s a r y e f f o r t f o r t h e t r i a l ( s ) . T h e s e e i g h t t r u e and e i g h t f a l s e w e i g h t s 
were p r e s e n t e d r andomly w i t h i n e a c h o f t h e t h r e e t a s k l e v e l s . 
From t h e r e s u l t i n g d a t a , t h e f o l l o w i n g e q u a l i t y was s t a t i s t i c a l l y 
t e s t e d b y t h e " F " t e s t . 
H Q : 0"Y = CTX , where CTy i s t h e t r u e v a r i a n c e f o r t h e s t a n d a r d 
w e i g h t , and <JX2 i s t h e t r u e v a r i a n c e f o r t h e f a l s e w e i g h t . 
T h i s r e l a t i o n s h i p p e r m i t t e d d i r e c t t e s t i n g o f t h e h y p o t h e s i s t h a t 
t h e p h y s i o l o g i c a l e f f o r t e x e r t e d b y t h e s u b j e c t depends upon h i s a n t i c i ­
p a t e d e f f o r t . 
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J J y = - ^ x > where J L / Y i s the mean muscle ac t ion po tent ia l for 
the true weight and ti* i s the mean muscle act ion potent ia l for the f a l s e 
weight, 
A th ird point of i n t e r e s t was i f the variances for each subject 
were homogeneous over t ime, B a r t l e t t ' s t e s t for homogeneity of variances 
was used to evaluate t h i s equa l i ty . 
H Q I C T / ^ Cr/r O"/, where c\ i s the true variance for the 2000 gm 
2 2 
weight, 0*3 the true variance for the 3000 gm weight and 0~4 the true 
variance for the IrOOO gm weight. 
C. Equipment.—The major p i eces of equipment used and the source of man­
ufacture are shown below. 
Equipment Source 
Power Supply Sanborn Model l̂ O-irOO 
Recorder Sanborn Model l^U-100 B 
ECG Preamplifier Sanborn Model 1^0-1600 
EEG/ECG Preamplifier Sanborn Model % 
Table Special 
Photographs of the table and the equipment are shown in Figures 1 
and 2 . 
D. Laboratory Technique.—Prior to the f i r s t task, the subjects were 
fami l iar ized with the t e s t equipment, given a preliminary learning task , 
and permitted to ask questions concerning the experiment. The typ ica l 
question was, "What are you to f ind out?" A typica l answer was, "To f ind 
s t a t i s t i c a l parameters for the muscle act ion potent ia l curve." They a lso 
expressed considerable c u r i o s i t y about the equipment. 
Three e lec trodes were attached to the r ight arm of the subject for 
each task. Two act ive e lec trodes were placed two inches apart over the 
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forearm f l exor muscle as described by J. F. Davis ( 2 ) . The th ird , or 
ground e lectrode was attached to the w r i s t . 
The method of attaching the e lectrode was c r i t i c a l , for i f t h i s 
operation were improperly done, several types of a r t i f a c t s could r e s u l t . 
The e lectrode method used in these experiments required s i x important 
s t e p s , which are i l l u s t r a t e d in Figure 3 « These steps can be explained 
as fo l lows: 
One, the e lectrode placement regions of the arm were located and 
cleaned. The f i r s t region was one-third of the distance between the 
medial humeral epicondyle and the s t y l o i d process of the radius . The 
second region was located two inches further along t h i s same l i n e . These 
regions were cleaned thoroughly with a so lu t ion of ether and acetone ( 1 
to 1 so lut ion) to remove the o i l from the skin and as much loose or dead 
skin c e l l s as p o s s i b l e . 
Two, a p iece of adhesive tape was placed on the arm at the loca­
t i o n of each of the two act ive e l ec t rodes . This tape was approximately 
1 inch by 2 l / 2 inches, with a l/k inch diameter hole punched in the cen­
t e r . A th ird p iece of tape, of nominal s i z e , was placed between these to 
prevent a conducting bridge of j e l l y from forming on the surface of the 
skin while massaging i t with e lectrode j e l l y . 
Three, the skin was massaged through the hole in the tape with the 
e lectrode j e l l y . This massaging act ion forced the j e l l y into the pores 
of the skin and lowered the e l e c t r i c a l r e s i s t a n c e . 
Four, two s i l v e r e l ec trodes , l / u inch in diameter, were placed in 
contact with the skin, as permitted by the ho les in the adhesive tape . A 
sponge, l / 2 inch by l / 2 inch by l / 8 inch, saturated with commercial e l e c -
F i g u r e 3 . L o c a t i o n a n d C o n s t r u c t i o n o f E l e c t r o d e s 
• 
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t r o d e j e l l y , was p l a c e d on t o p o f e a c h e l e c t r o d e . The p u r p o s e o f t h e 
sponge was t w o f o l d . F i r s t , i t p r e v e n t e d t h e j e l l y u n d e r t h e e l e c t r o d e 
from r a p i d l y d r y i n g , and s e c o n d , i t p r o v i d e d a u n i f o r m p r e s s u r e s u r f a c e 
t o h o l d t h e e l e c t r o d e f i r m l y i n p l a c e . 
F i v e , a s t a n d a r d band a i d was p l a c e d o v e r t h e s p o n g e , h o l d i n g i t 
f i r m l y i n p o s i t i o n . The c e n t e r p i e c e o f t a p e was t h e n r emoved . 
S i x , t h e e l e c t r o d e r e s i s t a n c e was measu red t o make c e r t a i n t h a t 
good e l e c t r i c a l c o n t a c t had b e e n made w i t h t h e s k i n . 
The s k i n f o r t h e t h i r d - g r o u n d e l e c t r o d e was c l e a n e d and m a s s a g e d 
a s b e f o r e . The e l e c t r o d e was t h e n a t t a c h e d d i r e c t l y t o t h e s k i n , a t t h e 
w r i s t , w i t h an e l a s t i c s t r a p . 
The o u t p u t v o l t a g e o f t h e EMG was r e c o r d e d i n M i c r o - V o l t s on 
t h e r m o s e n s i t i v e t a p e t r a v e l i n g a t 1 mm/sec . Each o f t h e s i x t e e n work 
t r i a l s f o r e a c h t a s k f o l l o w e d t h e same r e p e t i t i v e 32 m inu te s c h e d u l e o f 
a l t e r n a t i n g work and r e s t p e r i o d s : 
R e s t - 90 s e c o n d s 
Work - 30 s e c o n d s 
R e s t - 90 s e c o n d s 
The r e c o r d e d d a t a were a n a l y s e d b y m e a s u r i n g t h e t e n s u c c e s s i v e 
maximum p e a k - t o - p e a k a m p l i t u d e o f t h e o u t p u t v o l t a g e a t one s e c o n d i n t e r ­
v a l s . Two s a m p l e s we re t a k e n from e a c h w o r k - r e s t c y c l e , one f o r a t e n 
s e c o n d i n t e r v a l i m m e d i a t e l y p r e c e d i n g work and a s e c o n d sample d u r i n g t h e 
m i d d l e t e n s e c o n d s o f w o r k . By s u b t r a c t i n g t h e f o r m e r from t h e l a t t e r , 
t h e i n c r e a s e i n m u s c u l a r a c t i v i t y was o b t a i n e d f o r t h a t p a r t i c u l a r t r i a l . 
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CHAPTER I V 
RESULTS 
A. THE MUSCLE ACTION POTENTIAL C U R V E . — A LINEAR FUNCTION OF MUSCLE ACTION 
POTENTIAL AND WORK LEVEL WAS FOUND FOR THE POOLED DATA OF TASKS 1 AND 5 
FOR ALL SIGNIFICANT RESULTS. THIS RELATIONSHIP, SHOWN IN FIGURE 1+, HAD 
A CORRELATION COEFFICIENT, R, OF 0.91 WHICH IS SIGNIFICANTLY DIFFERENT 
FROM ZERO AT THE 0.1 PER CENT LEVEL OF SIGNIFICANCE. 
IN GENERAL, THE RELATIONSHIP OF MUSCLE ACTION POTENTIAL TO WORK 
LEVEL WAS NOT AS STRONG FOR THE INDIVIDUAL TASKS. THE CORRELATION CO­
EFFICIENTS FOR ALL SUBJECTS IN BOTH TASKS ARE PRESENTED IN TABLE 3« TWO 
VALUES, INDICATED BY THE ASTERICES, WERE FOUND NOT TO BE SIGNIFICANTLY 
DIFFERENT FROM ZERO. THEREFORE, THE DATA FROM THESE TWO TASKS WERE NOT 
USED IN ANY COMPUTATIONS. 
TABLE 3 
INDIVIDUAL CORRELATION COEFFICIENTS FOR TASKS 1 AND $ 
SUBJECT TASK 1 TASK $ 
1 0.88 0.2£* 
2 0.96 0.88 
3 0.81 0.81^ 
k 0*71 0.25 
* VALUES NOT SIGNIFICANTLY DIFFERENT FROM ZERO AT THE $% LEVEL. 
THE INTERCEPT CONSTANTS IN THE REGRESSION EQUATIONS COMPUTED FOR 
EACH SUBJECT IN TASK 1 WERE TESTED TO DETERMINE IF THEY WERE SIGNIFICANTLY 
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d i f f e r e n t f rom z e r o . I n a l l c a s e s , i t was found t h e y w e r e n o t , and t h i s 
l a c k o f d e v i a t i o n o f t h e i n t e r c e p t c o n s t a n t f rom z e r o i n d i c a t e s t h e a b ­
s e n c e o f g r o s s e x p e r i m e n t a l e r r o r . 
F i n a l l y , t h e s l o p e i n t h e l e a s t s q u a r e s e q u a t i o n f o r e a c h s u b j e c t 
i n t a s k 5 was t e s t e d t o d e t e r m i n e i f i t was s i g n i f i c a n t l y d i f f e r e n t from 
the s l o p e i n t a s k 1 . O n l y two " t " t e s t s w e r e made f o r s u b j e c t s two and 
t h r e e , s i n c e s u b j e c t s one and f o u r were o u t o f c o n t r o l . The t e s t r e s u l t s 
i n d i c a t e t h a t t h e s l o p e may change from d a y t o day ; s e e T a b l e k* 
T a b l e h 
V a r i a t i o n o f S l o p e o v e r Time 
S l o p e S l o p e 
S u b j e c t T a s k 1 T a s k 5 
1 0 . 0 ^ 1 „ 
2 0 . 0 2 0 0 . 0 2 5 
3 o . o u o 0 . 0 5 1 
h 0 . 0 0 9 
S i g n i f i c a n t a t t h e 5% l e v e l . 
B , E f f e c t o f t h e A n t i c i p a t e d E f f o r t . — T h e i n d i v i d u a l a v e r a g e s f o r t a s k s 
2 , 3 and U , a r e t a b u l a t e d i n T a b l e 5 - " F " and rtt" v a l u e s a r e c a l c u l a t e d 
f o r t h e s t a n d a r d d e v i a t i o n s and a v e r a g e s , r e s p e c t i v e l y , i n e a c h o f t h e 
t w e l v e t a s k s , i . e . , f o u r s u b j e c t s t i m e s t h r e e t a s k s . The v a l u e s shown 
i n T a b l e 6 , i n d i c a t e d o n l y two " t " v a l u e s and one t r F f * v a l u e w e r e s i g n i ­
f i c a n t a t t h e f i v e p e r c e n t l e v e l . 
B a r t l e t t ' s t e s t o f h o m o g e n e i t y o f v a r i a n c e s was u s e d t o d e t e r m i n e 
i f t h e v a r i a n c e s f o r e a c h s u b j e c t w e r e homegeneous i n a l l t h r e e t a s k s . 
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The r e s u l t s i n d i c a t e t h a t , f o r two s u b j e c t s , t h e v a r i a n c e changed from 
d a y t o d a y ( s e e A p p e n d i x , p a r t L). 
F i n a l l y , t h e c o e f f i c i e n t o f v a r i a t i o n was computed f o r e a c h s u b ­
j e c t i n e a c h t a s k u s i n g t h e m u s c l e a c t i o n p o t e n t i a l from t h e s t a n d a r d 
w e i g h t t o d e t e r m i n e w h e t h e r t h e r e was a c o n s t a n t r e l a t i o n s h i p b e t w e e n 
t h e mean m u s c l e a c t i o n p o t e n t i a l and t h e s t a n d a r d d e v i a t i o n . T h i s number, 
h o w e v e r , v a r i e d a s much a s 89 p e r c e n t b e t w e e n s u b j e c t s i n t h e same t a s k 
and a s much a s 65 p e r c e n t f o r t h e same s u b j e c t b e t w e e n t a s k s ( s e e Appen­
d i x , p a r t 5)* These r e s u l t s w o u l d i n d i c a t e t h a t t h i s r e l a t i o n s h i p was 
n o t c o n s t a n t . 
T a b l e 5 
Summary o f A v e r a g e V a l u e s f o r T a s k s 2, 3 and k 
T a s k 2 T a s k 3 T a s k k 
1900 gm 2000 gm 2850 gm 3000 gm 3800 gm 1+000 gm 
S u b j e c t X 
°* 
y % a* Y a Y X Y CTV 
1 67.U 18.5 73.3 13.6 98.2 18.0 111.6 29.5 99. h 17.8 99.9 21.5 
2 su.u 10.9 56.1 19.8 56.3 22.9 U8.9 12.8 9U.2 9.1 111.1 25.0 3 108,3 18 .U 115.8 16.5 161.0 5U.0 163.0 36.0 101.0 5.5 10U.0 6.9 
U 29,2 U6.0 37.5 56.0 16.0 1U.8 9.8 iu.5 20.0 1 4 . 6 31.0 8.7 
T a b l e 6 
S u m m a r y o f ttFn a n d 1 1 1 " V a l u e s f o r T a s k s 2, 3 , a n d h 
S u b j e c t T e s t T a s k 2 T a s k 3 T a s k l i 
F 1 . 8 6 2 . 2 7 1 . 5 6 
1 
t 0 . 7 2 5 1 . 1 0 1 0 . 0 U 7 
F 3 . 3 3 3 . 2 0 U . 3 7 
2 
1 . 7 9 6 * t 0 . 2 1 9 - 0 . 7 8 9 
F 1 . 2 5 1 . 1 x 6 1 . 7 7 
3 
t 0 . 5 7 2 0 . 1 0 1 0 . 0 9 3 
F 1 . 1 * 5 1 . 0 5 5 - 7 9 * 
h 1 - 9 3 * t 0 . 1 8 3 - 0 . 8 6 
* S i g n i f i c a n t a t t h e $% l e v e l . 
: H A P T ; R v 
CONCLUSIONS AND RECOMMENDATIONS 
As e x p e c t e d , t h e r e e x i s t e d a l i n e a r r e l a t i o n s h i p b e t w e e n t h e f o r c e 
e x e r t e d b y a m u s c l e and t h e m u s c l e a c t i o n p o t e n t i a l d e v e l o p e d . T h i s 
a g r e e s w i t h t h e work o f o t h e r e x p e r i m e n t e r s c i t e d p r e v i o u s l y . F o r t h e 
two s u b j e c t s ( o n e and f o u r ) a t t a s k f i v e , w h i c h d i d n o t y i e l d a h i g h c o r ­
r e l a t i o n , i t i s a p p a r e n t t h a t some u n c o n t r o l l e d f a c t o r o r f a c t o r s i n f l u ­
e n c e d t h e d a t a . S i n c e a r e l a t i o n s h i p c o u l d n o t be shown t o e x i s t , t h e s e 
d a t a w e r e assumed t o be o u t o f c o n t r o l and were n o t u s e d i n any o f t he 
s u b s e q u e n t s i g n i f i c a n c e t e s t s . 
I t was h y p o t h e s i z e d i n t h e i n t r o d u c t i o n t h a t t h e s l o p e w o u l d r ema in 
c o n s t a n t from day t o d a y . T h i s h y p o t h e s i s was r e j e c t e d . T h u s , wheneve r 
t h i s method o f m e a s u r i n g work i s u s e d , t h e i n s t r u m e n t s must be c a l i b r a t e d 
b y o b t a i n i n g t h e m u s c l e a c t i o n p o t e n t i a l r e f e r e n c e c u r v e f o r e a c h t a s k 
d a y . W i t h o u t t h i s r e f e r e n c e , t h e magn i tude o f t h e t a s k f o r c e c a n n o t b e 
p r e d i c t e d from t h e m a g n i t u d e o f t h e m u s c l e a c t i o n p o t e n t i a l . 
The one f a c t o r w h i c h domina ted the e x p e r i m e n t a l r e s u l t s was t h e 
i n - d a y v a r i a t i o n . Not o n l y was t h i s v a r i a t i o n l a r g e , b u t i t changed from 
day t o d a y , a s was e s t a b l i s h e d by B a r t l e t t ' s t e s t . The n e t r e s u l t was an 
i n c o n c l u s i v e e v a l u a t i o n o f t h e p r i m a r y h y p o t h e s i s . T h i s c a n b e s t be dem­
o n s t r a t e d b y c o n s i d e r i n g t h e O p e r a t i n g C h a r a c t e r i s t i c c u r v e shown i n 
F i g u r e 5> ( c u r v e A ) , w h i c h was computed f o r C - 9? c o r r e s p o n d i n g t o t h e 
s m a l l e s t s t a n d a r d d e v i a t i o n found i n t h i s e x p e r i m e n t . 
23 
A change i n we igh t o f 100 grams would cause the muscle a c t i o n po ­
t e n t i a l t o change o n l y t h ree u n i t s , as i n d i c a t e d by the l e a s t squares 
equa t i on i n F i gu re l i . W i t h a sample s i z e o f e i g h t , the p r o b a b i l i t y o f 
accep t ing a n u l l hypo thes is t h a t t he re would not be found a s i g n i f i c a n t 
d i f f e r e n c e between the two samples i s 0,76. For changes caused by d i f f ­
erences o f 150 grams and 200 grams, the p r o b a b i l i t y would be 0,60 and 
O.iiO r e s p e c t i v e l y . Hence, even i f the a n t i c i p a t e d e f f o r t had no i n f l u ­
ence on the muscle a c t i o n p o t e n t i a l , i t i s not l i k e l y a s i g n i f i c a n t d i f f ­
erence would be found . 
To avo id the i nconc lus i ve e v a l u a t i o n o f the h y p o t h e s i s , i t would 
have been necessary to increase the s ize o f the sample. For example, i f 
i t were d e s i r e d to accept the n u l l hypothes is s t a t e d above w i t h a p roba­
b i l i t y o f 0.10 when the change o f weight was 100 grams, a sample o f 77 
observa t ions would be necessary. The Opera t ing C h a r a c t e r i s t i c curve f o r 
t h i s s i ze sample i s shown as curve B i n F igu re 
I t i s recommended t h a t i n any f u t u r e experiments i n t h i s f i e l d , 
an adequate sample s i ze be se lec ted to assure e i t h e r acceptance o r r e j e c ­
t i o n o f the proposed h y p o t h e s i s . 
2k 
1.00 
0 3 6 9 
F i g u r e 5 




i AxtT I 
MUSCLE ACTION POTENTIALS ( yj v ) FOR DIFFERENT WEIGHTS 
SUBJECT 
1 2 3 k 
TASK TASK. TASK TASK TASK TASK TASK 
WEIGHT 1 5 1 5 1 5 1 AVERAGE 
1500 1U9 138 21 37 28 73 9 27 51 
1 6 0 0 91 221 20 U3 Ik 157 36 6k 1800 96 239 27 62 67 1U2 10 36 67 
1900 105 — Ik — 1U5 — 8 1 110 2000 9 7 153 32 72 9 2 1 6 0 k 27 76 2200 105 199 39 ' 62 79 112 20 33 2U00 152 168 k7 8 4 109 150 1U 19 
2 6 0 0 1U6 158 hi 9 0 139 179 17 3 1 102 2 8 0 0 158 101 U2 87 126 121 12 36 91 3000 1*3 201 53 110 152 1L6 20 70 IO4 
3100 187 188 57 84 172 201 -1 62 117 
3 2 0 0 21U 2 7 1 62 97 162 212. 23 36 128 
3U00 199 267 55 80 122 173 25 39 109 
3600 2 2 3 2 8 0 63 10k 122 2 6 2 27 60 134 
38OO 203 150 67 102 156 273 32 37 139 
Uooo 198 22U 70 12L 1U6 215 22 56 129 
Uioo 2 4 6 Ikh 77 113 157 243 35 ko 1U5 
PART I I 
LEAST SQUARE EQUATIONS, TASKS 1 AND 5 
S u b j e c t T a s k L e a s t S q u a r e s E q u a t i o n 
1 Y - 19.2 + 0.051X 
1 
1 Y - - 8 . 1 + 0.020X 
2 
5 Y = 1U.9 + O.025X 
1 Y » 6.2 + O.OUOX 
3 
5 Y « 33-5 + 0.051X 
1 Y - -7.2 + 0.009X 
h 
5 * 
* C o r r e l a t i o n C o e f f i c i e n t I n d i c a t e d No R e l a t i o n s h i p E x i s t e d . 
PART I I I A . 
S u b j e c t 1 
T r i a l 
T a s k 
CO
 T a s k 3 T a s k k 
1900 2000 2750 3000 3800 iiOOO 
1 L9.0 56.0 86.6 58.2 65.0 62.8 
2 LO.O 65.0 1 2 9 . 2 7U.6 98.U 101.6 
3 U6.0 90.0 89.2 130.0 98.8 80.0 
k 69.0 73.0 1 1 7 . 6 126.0 1 1 9 . 6 1 1 9 . 6 
5 83*0 82.0 8ii.ii 138.8 109.2 109.6 
6 77.0 85.0 81+.0 12ii.8 85.6 9U.8 
•-
. 107.0 53.0 8k.k 108.k 101.2 99.6 
8 60.0 82.0 109.6 132.0 117 .2 130.8 
S u b j e c t 2 
T a s k 2 T a s k 3 T a s k k 
T r i a l 
1900 2000 2750 3000 3800 Uooo 
1 61.0 U5.o 53-0 U2.0 102.0 98.0 
2 60.0 58.0 32.0 55.0 90.0 88.0 
3 U6.0 8 1 . 0 26.0 53.0 101.0 103.0 
k 66.0 66.0 50.0 38.0 83.0 92.0 
5 55.0 5o.o 62.0 75.0 90.0 119.0 
6 1 4 . 0 23.0 71.0 52.0 108.0 130.0 
7 50.0 U5.o 56.0 i i i .o 96.0 130.0 
8 50.0 8 1 . 0 100.0 35.o 8U.0 137.0 
MUSCLE ACTION POTENIALS (/J v ) FROM TASKS 2, 3 AND h 
P A R T I I I B 
Subject 3 
Trial 
Task 2 Task 3 Task U 
1900 2000 2750 3000 3800 Uooo 
1 86 .U 100.8 69-6 153.0 102.8 102. Ii 
2 119.2 11U .8 l l i l .O 12u.0 lOU.l* 95.2 
3 10li.8 127.6 161.0 122.0 109.6 106.8 
U 78.8 13U.8 160.0 17U.0 98.0 98.8 
5 102.0 98.0 l81i.0 1U6.0 98.li 117.2 
6 123.6 92.8 203.0 158.0 
100. k 103.2 7 122.8 130.8 166.0 222.0 105.2 109.6 
8 128.8 126.8 206.0 207.0 91.6 100. ii 
Subject U 
T a s k 2 T a s k 3 T a s k U 
T r i a l 
1900 2000 2750 3000 3800 Uooo 
1 77.0 33.0 6.0 2.0 22.0 37.0 C\J -U.o 129.0 2.8 -1U.8 30.0 20.U 
3 -2.0 118.0 lU.ii 10.8 18.U 23.2 
h 33.0 -22.0 9.2 13.2 30.8 36.8 5 113.0 53.0 22 ,U 37.6 
-12. k 2U.U 6 -13.0 0.0 U8.U 8.8 20.8 33.6 7 -9.0 -13.0 19.2 12.U lU.o 29.2 
8 39.0 2.0 5.6 8.0 3U.0 U6.U 
PART IV 
BARTLETT'S TEST OF HOMOGENEITY OF VARIANCE 





* S i g n i f i c a n t a t t h e $% l e v e l . 
PART V 
C O E F F I C I E N T O F V A R I A T I O N ( s / Y x 100%) 
S u b j e c t T a s k 2 T a s k 3 T a s k h 
1 18 . 6 % 2 6 . 1 $ 2 1 . 6 % 
2 3 5 . 2 2 5 . 7 2 2 . 5 
3 1 5 . 6 2 2 . 0 6 . 6 
h 1 U 9 . 0 1 1 + 8 . 0 5 1 - 5 
PART VI 
)I\IAL DATA FOR SUBJECTS 
Age Wei g h t H e i g h t 
23 152 l b s . 5 f t . 10 i n . 
20 l l iO l b s . 5 f t . 7i i n . 
2li 175 l b s . 5 f t . 9 i n . 
28 160 l b s . 6 f t . 2 i n . 
33 
( 
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